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[March 10, 1936] DISCUSSION ON THE TREATMENT OF ADDISON'S DISEASE WITH SALT Dr. George Graham: In opening a discussion on salt treatment of Addison's disease, I think it would be best first of all to discuss the rationale of the treatment. It has been known for a long time that the adrenal cortex is essential to life, whereas the medulla can be destroyed without causing any appreciable disturbance. The early experimenters found that the animals did not live very long after both adrenals had been removed, but as a result of improved technique and nursing, the duration of life has been greatly extended. In 1931 Swingle [1] reported that the average duration of life in his last 100 experiments was 8.6 days. The use of potent cortical extracts has enabled dogs to be kept alive for over two years, and a careful study has been made of the symptoms and changes in the blood chemistry which occur when the extract is no longer given. This is best shown by the diagram given by Harrop [2] and his co-workers ( fig. 1 ). The first noticeable change, which occurs on the first day, is a decrease in the plasma volume as measured by the haematocrit. The blood urea also begins to increase on the first day, and by the sixth day may have increased by 100% to 300%. On the second day the oxygen capacity of the blood and the plasma protein begin to increase, and the rate of blood-flow and the body-weight begin to decrease. On the fourth day the basal metabolic rate and the rectal temperature begin to decrease, but it is not until the sixth day that the blood-pressure begins to fall, and even then the dog may live for another two and a half days. The clinical condition is apparently a very striking one, and Swingle and his co-workers [1] have suggested that it is closely akin to that known as "surgical shock." He has shown that if on the third day after the withdrawal of the cortical extract only 5% of the -total blood volume is removed out, the dog will probably die that day, wlhereas the loss of 5% of its blood volume has little effect on a dog which is kept in good health with cortical extract.
Harrop [2] has pointed out that the condition is not quite similar to surgical shock, as there is no increase of red cells in the capillary blood compared with the venous blood, and the dogs continue to pass urine freely. All the same, Swingle's suggestion deserves careful consideration by all those who treat patients with surgical shock. Intravenous injections of a pint of 5 or 10% solution of sodium chloride and the injection of 10 to 20 c.c. of cortical extract are worthy of trial.
The changes and the constituents of the blood have been carefully studied. It was known that the potassium in the blood was increased and that there was an increased secretion of sodium chloride in the urine. Baumann and Kurland [3] and Marine and Baumann [4] had shown in 1927 that an animal lived longer when sodium chloride or sodium acetate were injected intravenously, but it was not until 1932 that Loeb [5] made the observations which are responsible for the salt treatmenzt, or rather the sodium treatment, of Addison's disease. Loeb estimated all the inorganic bases and acid radicals in the blood of three patients with Addison's disease. The rise in the potassium is easily explained by the decrease in blood volume, but the decrease in sodium and chlorine in spite of the decrease in the blood volume, showed that Loeb had made a very important discovery. Loeb and Atchley [6] then repeated this work on three dogs, estimating the sodium, potassium calcium, and chlorine excreted after one adrenal had been removed, and again after a second adrenalectomy.
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The blood sodium decreased from 335 mgm. per 100 c.c. to 303 mgm. per 100 c.c. This work has been confirmed by Harrop and other workers and makes it certain that one of the functions of the cortex is to control the sodium balance in the body and that the loss of sodium is responsible for some of the symptoms of Addison's disease.
Loeb and his co-workers [7] then treated with salt a woman who had Addison's disease, and showed that, coincident with a very great clinical improvement, the blood sodium returned to a normal figure. Since this discovery it is now almost a routine treatment to add sodium, in the form of common salt, to the diet of patients witb Addison's disease, and by so doing the dose of extract can be greatly reduced, or it may not be needed at all. During the last two years five patients with Addison's disease have been admitted to St. Bartholomew's Hospital-one died three days after admission, but the other four cases have been treated with salt by Dr. Hinds Howell, Lord Horder, Dr. Chandler, and Professor Witts, whom I have to thank for permission to see their cases and quote their results.
I.-Dr. Hinds Howell's [8] patient presented all the classical symptoms of Addison's disease and was so weak that he could not sit up in bed; the blood-pressure varied from 60/40 to 80/50. The blood sodium was 298 mgm. per 100 c.c. and the hemoglobin 81%.
He was given 2-5 grm. of salt in milk four times a day and the clinical condition improved in a remarkable fashion. I chanced to see him an hour after he had had his second dose and the ward sister told me that he had suddenly sat up in bed, which he had never been able to do before. His condition continued to improve and he eventually went out of hospital, although the blood-pressure and pigmentation were unaltered. The blood findings are very interesting. The sodium had hardly changed after fourteen days of salt treatment, but the hiemoglobin, had decreased from 80% to 65% although iron was being given in full doses. On the twenty-fourth day the blood sodium had risen to 315 mgm. per 100 c.c. and the hs3moglobin to 74%. It is probable that the decrease in the hsemoglobin was due to an increase in the blood volume and that this masked an increase in the sodium. The afterhistory is a sad one. The patient kept very well for about three months and then developed a febrile illness and died in two or three days. It was most unfortunate that no effort was, made to send him back to hospital. II.-The patient was a man, aged 28, who also showed the classical symptoms, with intense pigmentation, but the blood-pressure was 94/56. He complained of weakness bu-t was able to be up and about. The blood sodium was 312 mgm. per 100 c.c. and rose after salt to 333 mgm. per 100 c.c. The patient was certainly stronger but he was very dissatisfied that he was not given any cortical extract, as he had been told this would be given in hospital. Since his discharge from hospital he has seen at least two consulting physiciafns and was given a daily injection of cortical extract at a cost of from 15s. to 20s. a day. He died about a year afterwards. III.-The third case, that of a woman, aged 33, was not quite typical. She was a farm worker; pigmentation had begun six months before admission and was very marked. She had become too weak to do her work on the farm but was still capable of walking about.
The blood-pressure was never lower than 96/62 and was on occasion 120/80. The blood sodium was 336 mgm. per 100 c.c. when she was taking an ordinary diet. The therapeutic effect of giving additional salt was good, but in order to try and prove the diagnosis a saltfree diet was given. This method has been suggested by Loeb and Harrop in cases in which the diagnosis is in doubt. It should only be undertaken if the patient is under careful supervision and if facilities for giving intravenous saline and cortical extract are available, since the symptoms may become very alaxming after one, two, or three days of a salt-poor diet.
In this case the patient felt very weak indeed, but the blood sodium did not decrease below 326 mgm. per 100 c.c. so that the diagnosis was not proven. She left hospital taking 10 grm. of salt a day and feeling definitely better, but two months later she developed some dyspnwea and severe vomiting and died a week later. In this case also no attempt was made to send the patient up to hospital again.
IV.-The fourth patient, a woman, aged 43, at present in hospital under the care of Professor WVitts, has all the typical symptoms, but the pigmentation is not marked. Bloodpressure 100/70. 19 Treatment.-Sodium chloride, 0*5 grm.; sodium bicarbonate, 0 5 grm.; and sodiumn acetate, 05 grm. Six times a day-56 grm. of sodium daily.
The immediate response has been very good.
It is important to consider the reasons for the failures. (1) It may well be that the cortex controls something else besides the sodium and that it is essential to give the extract to control the unknown factor. If this is the case, it is to be hoped -that the price of the extract will soon decrease, as the expense of a daily dose is too great for the majority of patients. (2) The death in two of our cases seems to have -occurred very quickly after some acute infection. The experience with insulin and parathormone has taught us that whenever a patient suffering from diabetes or tetany develops another disease, extra insulin or parathormone must be given to prevent the onset of severe symptoms. It is probable that the same phenomenon *occurs in Addison's disease and that the medical attendant should be prepared to give large doses of the extract and intravenous saline whenever any symptoms of another disease appear. (3) It is possible that we have not given the sodium in the best way. Swingle has failed to keep dogs alive for any length of time on sodium -chloride alone but Harrop and his co-workers [9! have succeeded in keeping dogs alive for over one hundred and fifty days on a mixture of sodium chloride and -sodium bicarbonate, and Kendal [10] has kept two dogs alive for eighty and one hundred days on a mixture of sodium chloride, sodium acetate and a little potassium. These observations on animals suggest that the dose of sodium has not been sufficient. Most patients object to taking more than 10 grm. of sodium chloride in the day except for a short time, and this will only supply 4 grm. of sodium. It may be that some mixture of the salts of sodium which will supply about 10 grm. of sodium will give better results. A trial should, I think, be made of a mixture of sodium chloride, sodium bicarbonate, and sodium citrate, but a careful watch -should be kept on the alkali reserve because of the liability of these patients to develop a high blood urea. It is possible that sodium lactate or sodium gluconate may be a convenient way of giving the sodium but the patient will always need some -sodium chloride in order to prevent chlorine deficiency. This must be checked by estimating the amount of sodium chloride which is being excreted in the urine and by an estimation of the sodium and chlorine in the blood. It is to be hoped that further work on these lines may effect a great improvement in the treatment of these patients until a potent extract is available which can be sold at a reasonable price.
Dr. S. Levy Simpson: Since the use of cortical extract in Addison's disease has serious disadvantages, namely (1) high cost, (2) necessity for injection, (3) necessity for large amounts, owing to weak concentration-as compared with insulin, parathyroid, &c., it was not unexpected that the introduction of salt therapy would be received with enthusiasm. The enthusiasm has been moderated by experience and the limitations of the therapy are becoming obvious. This does not mean that the treatment is not based on sound experimental and biochemical work, or that undoubted benefit does not result in some cases. To take a balanced view, it is as well to remember the cautious statements of those who instituted or advocated sodium therapy.
Thus, of the adrenalectomized dog, Loeb and his colleagues wrote " when cortical extract is completely withdrawn, the sodium level cannot be maintained even by the administration of as much as 0 3 grm. of salt per kilogram daily." This is equivalent to 20 grm. of salt for a patient weighing 9' stone. Swingle, Pfiffner, Vars and Parkins wrote "sodium chloride and water cannot be regarded as an effective substitute for the cortical hormone in the bilaterally adrenalectomized dog, since it was necessary to inject cortical extract in order to save animals when they sooner or later developed severe symptoms." Of five patients taking 10 grm. of salt daily in addition to that in their diet, Loeb and his colleagues stated " their blood sodium levels remain within normal limits, and they are able to lead very much more active lives than before their salt therapy was instituted. They suffer from easy fatigability. They have occasional nausea, they feel the cold intensely, and pigmentation is little if at all changed." In one patient 20 grm. of salt daily did not raise the blood sodium and the clinical response was poor. I have endeavoured to arrange the therapy of six patients in a manner that would permit not only an appraisal of the value and limitation of salt therapy, but also a comparison between the efficacy of sodium chloride and that of cortical extract.
I.-J. M., male, aged 22, a naval officer, had been easily tired from 1932, but diagnosis was made in November 1934, during a crisis with vomiting, prostration, semi-coma and blood-pressure 78/52 (Hong Kong Hospital). 20 grm. of salt by mouth produced striking improvement in twelve hours, and the blood-pressure rose to 100/60. The salt was continued daily for three weeks, when patient was well enough to miake the journey to London. During this three weeks the daily quantity of salt was twice reduced to 10 grm., when vomlliting and collapse followed within forty-eight hours, recovery resulting from an increase of salt to 20 grm. daily. During the next few months the patient found it nauseating to take more than 10 grm. of salt daily, and in March 1935 the addition of 5 c.c. of eucortone subcutaneously daily, produced considerable improvemilent in strength, appetite, and well-being. In May 1935 his condition was better than at any previous period since the initial onset. Attempted omission of the eucortone produced a relapse within a few days, and its subsequent eschatin; on January 4, 20 c.c. eschatin. During the next few weeks the dose of eschatin was gradually reduced. In February 1936 the patient could again take salt by mouth, and reasonable health has been subsequently maintained on 12 grm. of salt by mouth, and 5 c.c. of eucortone or eschatin subcutaneously. Sit inmnary.-Large doses of salt by mouth in a crisis resulted in recovery; at that time a reduction of the daily dose of salt from 20 grm. a day to 10 grm. a day produced relapse, but subsequently 10 grm. a day maintained fair health. The addition of cortical extract 5 c.c. daily produced considerable improvement. The reduction to 3 c.c. daily, and the omission of 1 dose led to a crisis, although 14 grm. of sodium salts were being taken daily. In this second crisis salt was vomited and refused. Cortical extract alone in 40 c.c. daily dosage given intramuscularly in four doses resulted in recovery within a few days.
II.-AM. L., female, aged 51. The onset, with weakness and pigmentation, was in July 1934, and the patient came under observation on January 7, 1935, with weakness, nausea, vomiting, and blood-pressure 88/65. Salt by mouth was usually vomited, and the total salt given per os and per rectum was 10 grm. daily. No appreciable improvement resulted. January 19: serum sodium, 283; serum chloride, 330; serum potassium, 26; blood urea, 76. On January 21, 1935, patient collapsed in crisis and was pulseless. No salt was retained. No fluids were given intravenously, and treatment with eucortone only was tried. 5 c.c. of eucortone were given intramuscularly at two-hourly intervals throughout day and night. Some rigors and pyrexia followed, but nevertheless remarkable improvement was evident within twelve hours. On January 22, 5 c.c. of eucortone were given at four-hourly intervals and on January 23 at six-hourly intervals. The patient had then recovered from crisis, although she was still very weak; serum sodium, 270; chloride, 326; potassium, 28; blood urea, 49. On February 5 the eucortone was reduced to 10 c.c. thrice daily. On February 19 the patient was much improved, but still weak; serum sodium, 292; chloride, 330; potassium, 24. On February 21 she was able to take 10 grm. of sodium chloride daily by mouth, the eucortone being continued, but no appreciable improvement resulted, and on March 8 serum sodium was 295; chloride, 343; potassium, 17; blood urea, 18. On March 28 the eucortone was discontinued, and sodium chloride given per rectum and per os to maximum tolerance, but most of the salt was not retained. On April 8 patient was much worse: serum sodium, 281 ; chloride, 323; potassium, 25; blood-urea, 54. Death occurred on April 21, 1935. Summiary.-While 10 grm. of sodium chloride were given daily no improvement resulted, and a crisis developed. Eucortone alone in doses of 60 c.c. daily and then 30 c.c. daily, produced a recovery from crisis. Eucortone 30 c.c. daily, together with 10 grm. of sodium chloride daily could not bring about sufficient recovery for the patient to get out of bed. The cessation of eucortone resulted in a fatal crisis. In this crisis sodium chloride, by mouth or per rectum, was not retained.
III.-N. G., femiiale, aged 39, had lupus at the age of 13. One child had had abdominal tuberculosis, and another tuberculous adenitis of the neck. A cousin had died of Addison's disease. Symptoms commenced in January 1934, and the diagnosis was made at Ruthin Castle in June 1934, when the blood-pressure was 95/75, and pigmentation of leucodermic pattern was present. Small doses of eucortone (2 c.c. daily) produced slight improvement, but therapy was intermittent.
February 1935, serum sodium was 302 mgm. %, and the blood-pressure was 110/70. Sodium chloride by mouth caused considerable vomiting but a nmixture of sodium sulphate, bicarbonate and phosphate in equal parts was retained, and a drachm of this was given twice daily. There was slight improvement, but in June 1935 the patient was still very weak, and spent most of the time on a couch. Although the clinical condition was poor, the bloodpressure was 120/70, and the blood chemistry normal; serum sodium, 319; potassium, 16 blood-urea, 20. Treatment was then supplemented by eucortone 5 c.c. daily, and considerable benefit resulted within a few days. In December 1935 she was not quite so well, and the daily dose of eucortone was increased to 7 c.c. daily. There was further improvement, and the patient wrote : " It is wonderful to feel well, and not only 'half there 'all the time."
Suinunary.-Whereas sodium chloride acted as an immediate emetic, other salts of sodiunm were tolerated and produced definite but slight improvement. The addition of eucortone injections was of considerable benefit. The blood chemistry was normal at a time when the clinical condition was poor.
IV.-C. T. M., male, aged 52. This was an example of a chronic and slowly progressive lesion. The onset was in 1927 and no specific treatment was attempted until 1931, when intermittent cortical-extract therapy produced some benefit. In March 1934 Dr. Gordon Sears prescribed 5 grm. of sodium chloride daily, without any cortical extract, and considerable benefit resulted. In August 1934 there was a relapse following the omission of salt, and subsequent recovery with 10 grmn. of salt daily. Weight increased and pigmentation was less. In November 1934, in spite of salt therapy the patient was weak, losing weight, and suffering from nausea. Treatmiient was then supplemented by 10 c.c. cortin daily, with resulting improvement in all respects, and in December 1934 the patient was feeling better than ever previously. On January 25, 1935, the sodium chloride was stopped, but the patient remained quite well, and on February 22, the dose of cortin was reduced to 5 c.c. daily. Summa ry.-In a chronic case of Addison's disease sodium chloride produced considerable benefit, and its omission was followed by relapse. With the progress of time, salt alone was inadequate; the patient lost weight and felt weak and ill. The addition of cortin injectionls resulted in great improvement, the patient feeling better than ever. The subsequent discontinuance of sodium chloride had no deleterious effect as long as cortin was given in adequate dosage.
V.-M. S., male, aged 30. The onset, with weakness and pigmentation was in September 1933, and the patient was admitted to St. Bartholomew's Hospital under Lord Horder. 10 grm. of sodiunm chloride were prescribed daily without appreciable benefit. From April 5, 1934, 20 grm. of salt were given daily, resulting in slight improvement, although the patient said that he noticed no benefit. Salt therapy was continued intermittently during the next six months, but in December 1934 the clinical condition was poor, the patient deeply pigmented. blood-pressure 90/50, and nausea a troublesome feature. 5 c.c. of eucortone were then injected daily, salt being taken with food but no extra salt. There was a gain in strength, appetite and well-being within a week, and the patient felt that the benefit resulting from eucortone was far greater than any previously experienced. Fairly good health was maintained for six months, but in July 1935 there was a relapse, with nausea, diarrhcea, and weakness, and the blood chemistry showed serum sodium, 287; chloride, 339; potassium, 24; and blood urea, 64. The eucortone was increased to 10 c.c. daily, with resulting improvement, but death occurred in September 1935, following influenza.
Summnary.-20 grni. of sodium chloride daily produced slight benefit, but not sufficient to be appreciated by the patient. Cortical extract in 5 c.c. daily dosage resulted in conisiderable benefit, but with the progress of the lesion 10 c.c. daily were inadequate, and death followed influenza.
VI.-A. C., female, aged 41. This is a chronic case of Addison's disease described previously in the Proceedings (1934, xxvii, 27) . The patient has calcified cervical and mediastinal glands, and there is a strong fainily history of tuberculosis. The diagnosis seems to rest on sure ground. Nevertheless in December 1935, with the clinical condition poor (weakness, loss of veight, and niausea), the blood eheimiistry showed: serum sodium, 309, serumi chloride, 355, and blood urea, 22. Sodiurn chloride in doses of 10 or 20 grm. daily has been tried on several occasions, but has not produced any benefit. Eucortone. 5 c.c., daily favourably influenced nausea, weaknless, loss of weight and pigmentation, and the withdrawal has caused a return of symptoms which tend to disappear on returning to eucortone. Nevertheless the clinical condition is still unsatisfactory on this dosage.
Summary.-This chronic case was definitely, but onily partially, benefited by 5 c.c. of eucortone daily. Sodium chloride was of no therapeutic value. The sodium and chloride content of the serum was approximately normal, although the clinical condition was poor.
It appears permissible to draw the following conclusions:
(1) Salt by mouth may be of real value in the acute, subacute, and chronic phases of Addison's disease.
(2) Salt may be of no apparent value, or the benefit may be so slight as not to be appreciated by the patient. (3) The emetic action of salt may prevent its administration by the oral route.
Sometimes salts of sodium other than the chloride may be satisfactorily substituted to overcome this difficulty. (4) 10 grm. of salt daily is as much as most patients can possibly take, but sometimes 20 grm. or more are necessary.
(5) Cortical extract in adequate dosage, by itself or in addition to salt therapy, gives a much better clinical response than salt alone.
(6) When the dose of cortical extract is adequate, the addition of salt is of no benefit. This is in keeping with work on adrenalectomized animals. When, however, the dose of cortical extract is inadequate, the addition of salt may help appreciably. (7) When patients have gone into a crisis, in spite of having large doses of salt, the administration of cortical extract has produced recovery. (8) It is possible to get signs and symptoms of adrenal insufficiency, although the serum values for sodium, chloride and potassium, &c., appear to be within normal limits. These conclusions are in keeping with experimental evidence. It is now well established that the cortical hormone regulates the balance of sodium chloride and other minerals. The increased drainage and excretion of these elements associated with adrenalectomy can be completely corrected by cortical extract. T-hat this is not necessarily true in man may be a question of dosage. If one imagines the human body to be a receptacle from which, in addition to the normal inflow and outflow, an excess of sodium, &c., escapes through a leakage, cortical extract acts by repairing and stopping the leakage, whereas the administration of salt by mouth is a frantic effort to keep pace wibh the abnormal loss. No one could be satisfied with the concentration of the cortical extract at present available, as the large doses necessary for more severe cases render its use difficult and sometimes impracticable, but with the crystallization of the essential element there will probably be no other treatment for Addison's disease than that by cortical hormone. One should remember that although the regulation of mineral metabolism is an important function of the cortical hormone, it also has other important influences, some of which are known, e.g. on carbohydrate metabolism, and others less well defined.
In I have also had the benefit of the expert co-operation of Dr. E. N. Allott who is responsible for the biochemical data given in the case descriptions.
Dr. E. N. Allott described the blood chemical changes observed in eight cases of Addison's disease. In all of them there was found, to a greater or less extent, a fall in the sodium and chlorine of the serum and a rise in the potassium and urea. The accompanying graph illustrates the distribution of the. figures found as compared with normal blood.
Three of these patients were only seen a few days before death and no observations were made on the result of treatment.
The effect of treatment with salt was described in the other five cases (no other sodium salt was employed in this series): in three cases the sodium content of the blood returned to almost normal values, from very subnormal ones, the high urea and potassium coming down to normal at the same time. There was at the same time a marked improvement in the clinical condition of the patients. In two cases the use of salt had very little effect on the blood-sodium level, though in one of these cases the clinical condition of the patient improved markedly. The other case failed to show any change in the sodium level, even with salt + large doses of cortical extract (up to 50 c.c. a day) though the potassium and blood urea came down to normal, and clinical improvement was slight. In no case was the sodium level restored to normal by the use of cortical extract without salt, although potassium and urea levels in the serum were reduced by its use: the failure to affect the sodium may have been due to the comparatively low dosage of hormone used in the other cases (6 c.c. per day).
In the cases where there was no success in raising the low sodium levels in the serum, there was evidence of increase in blood volume, shown by a sudden fall in plasma protein and heemoglobin immediately after treatment. The ultimate prognosis in the cases treated by salt alone seems poor; one patient died in crisis at home, about a month after discharge: the patient who was having the large amount of cortical extract died when this was omitted and salt alone given. One patient is untraced, the fourth died of acute osteomyelitis a month after discharge, although his clinical condition had remained otherwise good. POSTCRIPT-16.5.36: The fifth patient, who was alive at the time of the discussion, has since died.
Vitamin B1 in Human Diets
By AUDREY Z. BAKER, B.SC., M.R.C.S., and MARGARET D. WRIGHT, M.B., B.S.
ABSTRACT.-Constituents of beri-beri-producing diets, borderline diets, and protective diets given by Braddon and others were analysed for vitamin B1 content by Cowgill. He used a long series of assays published by numerous investigators and calculated the various units and percentage values as milligram equivalents of a yeast powder. He thus obtained approximate vitamin B1 values for these diets. He showed that these values, together with the incidence of beri-beri, justified the application to man of a formula obtained experimentally and gave an indication of man's minimum requirement of the vitamin.
In this paper the vitamin B1 value of the same diets has been obtained from direct assays against the International Standard of the constituent foods, raw or cooked, as usually eaten. These are in good agreement with the values drawn from the less direct calculation, and indicate that man's minimumrequirement may vary according to weight and food intake between 200 and 500 units daily.
The desirable level of B1 intake for adults and children has been studied by analysing in the same way a series of diets recommended by public bodies or by dietitians in England and America. Adults on good diets consume 450 to 750 units daily. High vitamin diets may contain about 1,500 units.
Diets recommended for children show relatively higher levels than those for adults, that of a child aged 4 years having nearly 400 units and that of a child aged 11 years having about 650.
